Introduction {#section3-2055116919849979}
============

Peripheral nerve sheath tumours (PNSTs) are neoplasms originating from Schwann cells, perineural cells and intraneural fibroblasts. Sub-classifications are used in human medicine (eg, Schwannoma, neurofibroma); however, owing to unclear histiogenesis, in veterinary medicine they are usually divided into benign or malignant (MPNST).^[@bibr1-2055116919849979][@bibr2-2055116919849979]--[@bibr3-2055116919849979]^ Feline PNSTs are uncommonly reported, usually occur in older cats, are mostly benign and usually involve the skin/subcutis of the head, neck and limbs.^[@bibr1-2055116919849979],[@bibr4-2055116919849979][@bibr5-2055116919849979][@bibr6-2055116919849979][@bibr7-2055116919849979][@bibr8-2055116919849979][@bibr9-2055116919849979][@bibr10-2055116919849979]--[@bibr11-2055116919849979]^ MPNSTs involving the spinal cord/canal are uncommonly reported and rarely reported sites include the gingiva, eye, small intestine and bladder, or are perirenal.^[@bibr12-2055116919849979][@bibr13-2055116919849979][@bibr14-2055116919849979][@bibr15-2055116919849979][@bibr16-2055116919849979][@bibr17-2055116919849979][@bibr18-2055116919849979][@bibr19-2055116919849979]--[@bibr20-2055116919849979]^ Approximately 15% of benign and 30% of malignant feline dermal/subcutaneous PNSTs recur locally.^[@bibr1-2055116919849979]^ Metastatic disease is rarely reported.^[@bibr17-2055116919849979]^ Surgical resection may be curative; however, there are few reports of postoperative follow-up or treatment of incompletely resected or metastatic feline MPNSTs.^[@bibr1-2055116919849979],[@bibr12-2055116919849979][@bibr13-2055116919849979]--[@bibr14-2055116919849979],[@bibr17-2055116919849979],[@bibr21-2055116919849979]^ Strontium plesiotherapy following marginal resection of feline eyelid MPNSTs has been described.^[@bibr21-2055116919849979]^

This report describes the presentation, diagnosis, treatment and outcome of a colonic MPNST with hepatic metastasis in a cat. To our knowledge, this is the second case report of an intestinal MPNST and the second of PNST metastases in a cat.^[@bibr12-2055116919849979],[@bibr17-2055116919849979]^

Case description {#section4-2055116919849979}
================

A 14-year-old male neutered domestic mediumhair cat was referred for investigation of 4 months of inappetence and 1.2 kg weight loss. Diabetes mellitus had been diagnosed 2 years earlier and was well managed with insulin glargine (Lantus; Sanofi) with doses up to 4 IU subcutaneously (SC) q12h and a high-protein/low-carbohydrate diet (Hill's m/d; Hill's Pet Nutrition). In the month prior to referral the insulin dose had been reduced to 2 IU SC q12h based on blood glucose curves.

Physical examination revealed a low body condition score (3/9) and a grade II/VI left systolic cardiac murmur. Pertinent abnormalities on haematology and biochemistry included a mild microcytic regenerative anaemia (packed cell volume \[PCV\] 24% \[reference interval (RI) 30--45%\], mean cell volume 30.8 fl \[RI 40--45 fl\], absolute reticulocyte count 326.8 × 10^12^), mild neutrophilia (15.35 × 10^9^/l; RI 3.76--10.08 × 10^9^/l) and increased alkaline phosphatase activity (76 IU/l; RI \<50 IU/l). Urinalysis was unremarkable.

Abnormalities identified on abdominal ultrasound included a 5.0 cm diameter, large, heterogeneous and poorly vascularised mass within the right medial lobe of the liver, which was fluid-filled centrally ([Figure 1](#fig1-2055116919849979){ref-type="fig"}), and an eccentrically located, intramural (2.0 cm × 1.4 cm) hypoechoic mass within the distal portion of the transverse colon with loss of normal wall layering ([Figure 2](#fig2-2055116919849979){ref-type="fig"}). Thoracic radiographs were unremarkable.

![Transverse sonogram (Phillips EPIQ5; Phillips Medical Systems) of the right medial liver lobe. There was a large, heterogeneous mass (outlined by callipers) containing a central fluid-filled component](10.1177_2055116919849979-fig1){#fig1-2055116919849979}

![Longitudinal sonogram of the transverse colon. There was an eccentric, intramural hypoechoic mass within the distal portion of the transverse colon. Note the displacement of the intraluminal gas interface by this lesion (arrows)](10.1177_2055116919849979-fig2){#fig2-2055116919849979}

Fine-needle aspirate cytology of the masses was non-diagnostic. Coagulation times were within the RIs. The cardiac murmur was not investigated owing to financial constraints. Colonoscopy revealed a smooth, raised mass in the transverse colon and biopsies were collected ([Figure 3](#fig3-2055116919849979){ref-type="fig"}). An ultrasound-guided liver mass biopsy (Vet-Core biopsy needle 16 G 9 cm; Smiths Medical USA) was performed and an oesophageal feeding tube was placed.

![Colonoscopy revealed a smooth, raised mass in the transverse colon](10.1177_2055116919849979-fig3){#fig3-2055116919849979}

Histopathology of the colonic and hepatic masses revealed disorganised large pale pleomorphic spindle cells with prominent nucleoli. The colonic mass was suspected to be a primary spindle cell sarcoma with the liver mass representing a metastasis.

Pre- and post-contrast enhanced CT of the abdomen was performed for tumour staging and surgical planning. A heterogeneous soft tissue-attenuating 4.3 cm mass was noted within the right medial lobe of the liver ([Figure 4](#fig4-2055116919849979){ref-type="fig"}). This mass was heterogeneously enhancing post-contrast administration with multiple, coalescing non-contrast-enhancing areas suggestive of necrosis. Within the transverse colon, there was a hypoattenuating mass (2.4 cm × 1.4 cm × 0.6 cm) with heterogeneous, predominantly peripheral enhancement post-contrast administration ([Figure 5](#fig5-2055116919849979){ref-type="fig"}).

![CT images of the (a) transverse and (b) dorsal planes of the abdomen displayed in a soft tissue window. The patient's right is to the left. There was a large heterogeneous hepatic mass within the right medial lobe (arrows). Note the heterogeneous post-contrast enhancement of the mass with multiple coalescing non-enhancing regions suggestive of necrosis. Images obtained with a 16-detector row CT scanner (Phillips 16-slice Brilliance CT V2.3; Phillips Medical Systems \[120 kVp, 100 mAs, 1.5 mm slice thickness\])](10.1177_2055116919849979-fig4){#fig4-2055116919849979}

![CT images of the (a) transverse and (b) dorsal planes of the abdomen displayed in a soft tissue window. The patient's right is to the left. There is an intramural hypoechoic mass within the transverse colon (arrows). Note the heterogeneous, predominantly peripheral contrast enhancement of the mass.](10.1177_2055116919849979-fig5){#fig5-2055116919849979}

Laparotomy was performed under general anaesthesia. The hepatic mass was separated from the gall bladder by blunt dissection and right medial and quadrate liver lobe resection performed because of shared vasculature ([Figure 6](#fig6-2055116919849979){ref-type="fig"}). The rest of the liver had a diffusely mottled appearance and a 6 mm punch biopsy was collected from the left medial lobe. The colonic mass was identified at the hepatic flexure of the colon and removed by colectomy and anastomosis. Postoperative analgesia was provided by a fentanyl continuous rate infusion (5 μg/kg/h for 48 h) followed by buprenorphine (0.015 mg/kg IV q8h for 24h) and then 0.02 mg/kg sublingually for another 48 h.

![Intraoperative image of the right medial liver lobe mass (arrow) adjacent to the gall bladder](10.1177_2055116919849979-fig6){#fig6-2055116919849979}

The feeding tube was removed after 2 weeks. Postoperative medications included: amoxicillin-clavulanate (Augmentin; GlaxoSmithKline) 20 mg/kg intravenously (IV) q8h for 48 h then orally (PO) for 7 days; metronidazole (Metronidazole Sandoz IV; Sandoz) 10 mg/kg IV q12h for 48 h then PO for 7 days; enrofloxacin (Baytril; Bayer) 2.5 mg/kg SC q12h for 48 h then PO for 7 days; maropitant (Cerenia; Zoetis) 1 mg/kg SC q24h for 48 h then PO for 5 days; and insulin glargine 1 IU SC q12h.

Histopathology of the colonic mass ([Figure 7](#fig7-2055116919849979){ref-type="fig"}) revealed a poorly circumscribed, unencapsulated, well-demarcated, densely cellular, infiltrative neoplasm composed of spindle cells arranged in interlacing streams and bundles separated by a scant eosinophilic fibrillary matrix that was transmurally infiltrating and effacing the mucosa, lamina propria, submucosa, tunica muscularis and serosa, and extending into the colonic lumen. Neoplastic cells had variably distinct cell borders, moderate-to-abundant eosinophilic fibrillar cytoplasm, oval-to-elongated nuclei containing finely stippled chromatin and generally one distinct nucleolus. The mitotic rate averaged one per 10 high-powered fields. There was marked anisocytosis and anisokaryosis. In addition, there was scattered necrosis and lymphoplasmacytic aggregates. The mass appeared to have been completely excised. Similar neoplastic infiltrates admixed with scattered single-cell necrosis infiltrated and replaced the architecture of the right medial liver lobe ([Figure 8](#fig8-2055116919849979){ref-type="fig"}).

![Colonic mass. Neoplastic cells are arranged in interlacing streams and bundles. Haematoxylin and eosin (× 400)](10.1177_2055116919849979-fig7){#fig7-2055116919849979}

![Hepatic mass. Neoplastic cells demonstrate similar behaviour to the colonic mass ([Figure 7](#fig7-2055116919849979){ref-type="fig"}). Note the marked anisocytosis and anisokaryosis. Haematoxylin and eosin (× 400)](10.1177_2055116919849979-fig8){#fig8-2055116919849979}

The cat was diagnosed with a colonic malignant spindle-cell neoplasm with hepatic metastasis. Immuno-histochemistry revealed that both masses stained positive for S-100 protein, vimentin and glial fibrillary acidic protein, very weakly positive for c-kit and negative for muscle-specific actin and CD18, consistent with a diagnosis of a MPNST ([Figures 9](#fig9-2055116919849979){ref-type="fig"}[](#fig10-2055116919849979){ref-type="fig"}[](#fig11-2055116919849979){ref-type="fig"}--[12](#fig12-2055116919849979){ref-type="fig"}).^[@bibr1-2055116919849979],[@bibr8-2055116919849979],[@bibr22-2055116919849979][@bibr23-2055116919849979]--[@bibr24-2055116919849979]^

![Colonic mass. Neoplastic cells demonstrate diffuse marked nuclear and cytoplasmic labelling for S-100. Peroxidase immunohistochemistry and haematoxylin and eosin (× 400)](10.1177_2055116919849979-fig9){#fig9-2055116919849979}

![Colonic mass. Neoplastic cells demonstrate diffuse marked cytoplasmic labelling for vimentin. Peroxidase immunohistochemistry and haematoxylin and eosin (× 400)](10.1177_2055116919849979-fig10){#fig10-2055116919849979}

![Hepatic mass. Neoplastic cells demonstrate diffuse marked cytoplasmic labelling for glial fibrillary acidic protein. Peroxidase immunohistochemistry and haematoxylin and eosin (× 400)](10.1177_2055116919849979-fig11){#fig11-2055116919849979}

![Colonic mass. Neoplastic cells demonstrate scattered faintly positive cytoplasmic labelling for c-kit. Peroxidase immunohistochemistry and haematoxylin and eosin (× 400)](10.1177_2055116919849979-fig12){#fig12-2055116919849979}

Metronomic chemotherapy was commenced 2 weeks postoperatively with cyclophosphamide 15.5 mg/m^2^ PO q24h. Cyclophosphamide was well tolerated long term. Intermittent vomiting occurred and was treated with maropitant 1.5 mg/kg PO q24h and omeprazole (Losec; AstraZeneca) 1.5 mg/kg PO q24h as required. Haema-tology performed at 1, 2, 3 and 5 months revealed microcytosis for 3 months before resolution. Insulin glargine was increased to 3 IU SC q12h by 5 months postoperatively, based on blood glucose curves performed every 1--2 months. The cat gained 200 g following surgery and maintained a stable body weight.

Sixteen months postoperatively, the cat was re-presented to the referring veterinarian for polyuria and polydipsia. Fructosamine indicated over-control of diabetes mellitus (203 µmol/l; RI 221--340 μmol/l), hyperthyroidism was diagnosed (total thyroxine 92 nmol/l; RI 10--60 nmol/l), and pertinent abnormalities on haematology and biochemistry included a mild anaemia (haematocrit 24%; RI 30--52%) and increased alanine aminotransferase activity (138 IU/l; RI 12--130 IU/l). The insulin dose was reduced to 2 IU SC q12h and methimazole transdermal gel 5 mg q12h was commenced.

Eighteen months postoperatively the cat re-presented following 3 days of progressive lethargy and inappetence. Physical examination revealed 100 g of weight loss, marked lethargy, pallor, a right-sided goitre and a grade II/VI left systolic cardiac murmur. Haematology revealed a marked non- or pre-regenerative anaemia (PCV 10%). Coagulation times were prolonged (prothrombin time 39 s \[RI 15--22 s\] and activated partial thromboplastin time \>300 s \[RI 65--119 s\]). Abdominal ultrasound identified multiple renal and hepatic nodules ([Figure 13](https://journals.sagepub.com/doi/suppl/10.1177/2055116919849979) in the [supplementary material](https://journals.sagepub.com/doi/suppl/10.1177/2055116919849979)). Thoracic radiographs were unremarkable. Retroviral testing was negative (Witness FIV-FeLV; Zoetis). The owner elected euthanasia. Post-mortem examination, including renal immunohistochemistry, confirmed the presence of an MPNST within the kidneys and liver ([Figures 14--21](https://journals.sagepub.com/doi/suppl/10.1177/2055116919849979) in the [supplementary material](https://journals.sagepub.com/doi/suppl/10.1177/2055116919849979)). Additional findings of note observed incidentally on gross and microscopic post-mortem examination included thyroid cystic follicular adenomas, cardiac fibrosis and islet amyloidosis.

Discussion {#section5-2055116919849979}
==========

Ribas et al reported a small intestinal MPNST, without metastasis, in a cat that was treated with surgical resection and that was clinically well 6 months postoperatively.^[@bibr12-2055116919849979]^ Buza et al reported a partially resected gingival MPNST in a cat that developed local recurrence and post-mortem examination identified nodal and pulmonary metastases after an 8.5 month survival time.^[@bibr17-2055116919849979]^ Pavia et al described a urinary bladder MPNST in a cat that died several weeks after partial cystectomy.^[@bibr13-2055116919849979]^ The case reported here is unique in that the cat was treated with surgical resection of the primary tumour and hepatic metastasis, received postoperative metronomic chemotherapy and had a prolonged survival time.

MPNSTs in humans are rare and half occur in people with neurofibromatosis type 1, an autosomal dominant disorder.^[@bibr2-2055116919849979],[@bibr25-2055116919849979],[@bibr26-2055116919849979]^ Treatment focuses on surgical resection with the role of postoperative radiation and chemotherapy less well defined.^[@bibr25-2055116919849979]^

Most MPNST in dogs arise from spinal nerves and nerve roots of the brachial plexus or, less commonly, from the trigeminal nerve or skin.^[@bibr21-2055116919849979],[@bibr27-2055116919849979],[@bibr28-2055116919849979]^ Rarely reported sites of origin include the lung, spleen, liver, diaphragm, vagus nerve, tongue, omentum, ocular origin, heart, brain, adrenal gland and testis.^[@bibr22-2055116919849979],[@bibr29-2055116919849979][@bibr30-2055116919849979][@bibr31-2055116919849979][@bibr32-2055116919849979][@bibr33-2055116919849979][@bibr34-2055116919849979][@bibr35-2055116919849979][@bibr36-2055116919849979][@bibr37-2055116919849979][@bibr38-2055116919849979][@bibr39-2055116919849979][@bibr40-2055116919849979][@bibr41-2055116919849979][@bibr42-2055116919849979][@bibr43-2055116919849979][@bibr44-2055116919849979][@bibr45-2055116919849979][@bibr46-2055116919849979][@bibr47-2055116919849979][@bibr48-2055116919849979][@bibr49-2055116919849979]--[@bibr50-2055116919849979]^ Incomplete surgical resection leads to recurrence and metastatic disease is rarely reported.^[@bibr22-2055116919849979],[@bibr24-2055116919849979],[@bibr39-2055116919849979],[@bibr43-2055116919849979],[@bibr44-2055116919849979],[@bibr46-2055116919849979],[@bibr47-2055116919849979],[@bibr49-2055116919849979][@bibr50-2055116919849979][@bibr51-2055116919849979]--[@bibr52-2055116919849979]^ Stereotactic radiation therapy for canine trigeminal and brachial plexus MPNSTs may prolong survival times when surgical resection is not possible.^[@bibr28-2055116919849979],[@bibr53-2055116919849979]^ Metronomic cyclophosphamide and piroxicam treatment delays recurrence in dogs with incompletely resected MPNST.^[@bibr49-2055116919849979],[@bibr54-2055116919849979]^ Cryosurgery of small canine dermal MPNSTs has been reported.^[@bibr55-2055116919849979]^ Immunotherapy with interleukin-2 following marginal surgical resection did not prolong survival times in dogs.^[@bibr52-2055116919849979]^

The major initial differential diagnoses in the case reported here were a leiomyosarcoma or gastrointestinal stromal cell tumour (GIST), which are uncommon to rare in cats, respectively.^[@bibr56-2055116919849979],[@bibr57-2055116919849979]^ The immunohistochemistry was consistent with a PNST, which are usually S-100 protein and vimentin positive, muscle-specific actin negative and most are glial fibrially acidic protein positive.^[@bibr1-2055116919849979]^ The neoplasm also stained weakly positive for c-kit; however, a GIST was excluded given the positive S-100 protein and the unconvincing nature of the c-kit staining.^[@bibr57-2055116919849979]^

The colonic mass was presumed to be the primary tumour with hepatic metastasis. Given that surgical resection was unlikely to be curative, metronomic cyclophosphamide was used. Conventional chemotherapy for feline MPNSTs has not been reported. Metronomic cyclophosphamide rather than intravenous doxorubicin was chosen owing to financial constraints, potential side effects and stress to the cat, along with a lack of information on efficacy for either doxorubicin or metronomic chemotherapy. Use of metronomic cyclophosphamide for various feline tumour types, including soft tissue sarcomas, has been reported and well tolerated; however, there is scarce information about tumour response rates.^[@bibr58-2055116919849979]^ Conclusions cannot be drawn about what impact metronomic chemotherapy had on the survival time of this cat.

The prognostic significance of distant metastases at the time of diagnosis is unclear for cats with MPNSTs owing to limited publications. Resection of both GIST and non-GIST sarcoma hepatic metastases in selected human patients is associated with improved survival times.^[@bibr59-2055116919849979],[@bibr60-2055116919849979]^ Similar data are not available for companion animals and conclusions cannot be drawn about what impact the hepatic mass resection had on the survival time of this cat.

Conclusions {#section6-2055116919849979}
===========

Visceral MPNSTs are rarely reported in cats and little is known about prognosis or optimal treatment. This report describes a colonic MPNST with hepatic metastasis that was treated with surgical resection and metronomic cyclophosphamide. An 18 month survival time was achieved before the development of clinically significant disease secondary to tumour recurrence.
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Figure 13: Longitudinal sonogram of the right kidney 18 months postoperatively showing a rounded (7.3 mm long × 7.7 mm thick), heterogeneously hypoechoic nodule present in the caudal cortex of the right kidney.

Figure 14: Photograph of the right kidney upon post-mortem examination, with an off-white multilobulated irregular mass protruding from the kidney that extends through the cortex on section.

Figure 15: Photograph of the left kidney upon post-mortem examination, with a loss of reniform appearance, and blunting of the left cranial aspect by a smooth pale-tan focus.

Figure 16: Photograph of the liver upon post-mortem examination, with numerous pale-tan firm nodules peppered across the hepatic serosa.

Figure 17: Histopathology of the renal mass upon post-mortem examination, with neoplastic cells demonstrating similar behaviour to the colonic mass (Figure 7), and marked anisocytosis and anisokaryosis.

Figure 18: Immunohistochemistry of the renal mass upon post-mortem examination, with neoplastic cells demonstrating diffuse marked nuclear and cytoplasmic labelling for S-100.

Figure 19: Immunohistochemistry of the renal mass upon post-mortem examination, with neoplastic cells demonstrating diffuse marked cytoplasmic labelling for vimentin.

Figure 20: Immunohistochemsitry of the renal mass upon post-mortem examination, with neoplastic cells demonstrating scattered faintly positive cytoplasmic labelling for c-kit.

Figure 21: Immunohistochemistry of the renal mass upon post-mortem examination, with neoplastic cells demonstrating diffuse marked cytoplasmic labelling for glial fibrillary acidic protein.
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